The aim of this work was to study the relative ghrelin and growth hormone secretagogue receptor (GHS-R) 
INTRODUCTION
Ghrelin is known to be an endogenous natural ligand and it binds the growth hormone secretagogue receptor (GHS-R). It was recently isolated first from the rat and then from the human stomach (Kojima et al. 1999) . Ghrelin is mainly produced by the X/A-like endocrine cells of the gastric oxyntic mucosa. It is also produced in the hypothalamic arcuate nucleus (Kojima et al. 1999 ), brain (Nakazato et al. 2001) , uterus (Unsal and Sonmez 2014) , placenta (Gualillo et al. 2001) , and kidney (Mori et al. 2000b) . Ghrelin has been reported to function in the regulation of energy metabolism, food intake and body weight. It has * Author for correspondence: mfsonmez@erciyes.edu.tr also role in GH and gastric acid secretion, cell proliferation and in the protection of neuronal and cardiovascular cells (Hewson and Dickson 2000; Wren et al. 2000; Asakawa et al. 2001; Nakazato et al. 2001; Yin et al. 2014) . Ghrelin has 28 amino acids, and the Ser3 residue is known to be noctanoylated (Inui 2001; Kojima et al. 2001) . Acylation is important for binding to the GHSR, crossing the blood-brain barrier and its GHreleasing and other endocrine activities (Muccioli et al. 2002) . GHSR is a member of the G-protein linked receptor family (Kageyama et al. 2005) . There are two forms of GHSR: GHSR-1a and GHSR-1b. GHSR-1a is active functionally, whereas GHSR-1b is inactive (Howard et al. 1996; Kageyama et al. 2005) . GHSR-1a is expressed mostly in the hypophysis. It is also expressed in less density, in the kidney, myocardium, pancreas, spleen, thyroid and adrenal gland (Gnanapavan et al. 2002; Venables et al. 2011) . It regulates apoptosis, cell proliferation and signal transmission related with inflammation (Yuan et al. 2014) . Expression of ghrelin has been detected in the glomerulus and in the distal and collecting tubules (Mori et al. 2000b; Yabuki et al. 2006; Venables et al. 2011 ). Also, it was shown that pre-proghrelin mRNA was expressed in the glomerulus and in mesangial cell and podocyte cultures. On the other hand, it was reported that GHSR-1a was expressed in the straight parts of the distal tubules and the thin limbs of the loops of henle in the kidney (Venables et al. 2011) . Streptozotocin (STZ) is an antibiotic, which is toxic to the β cells of the pancreas. It has been used to produce a type 1 diabetic animal model. Diabetic nephropathy is one of the important complications of diabetes (Rahimi et al. 2005) . All diabetic patients have a risk for developing nephropathy (Ozbek 2012) . Total and active ghrelin levels were significantly increased in STZ-induced diabetic rats (Masaoka et al. 2003) . It has been suggested that increased ghrelin levels in diabetes contributed to the pathogenesis of nephropathy by increasing GH levels (Kuloglu and Dabak 2009) . However, there are unsatisfactory data on ghrelin and ghrelin receptor (GHSR-1a) mRNA expression levels in the diabetic kidney. Furthermore, there has been no study as yet showing ghrelin expression in STZ-induced long-term diabetic rat kidney. This study aimed to show ghrelin and ghrelin receptor (GHSR-1a) regulation in STZ-induced long-term diabetic rats using RT-PCR and immunochemical methods.
MATERIAL AND METHODS

Animals
Forty sexually mature male Wistar rats, which were obtained from the Hakan Cetinsaya Experimental and Clinical Research Center at Erciyes University, Kayseri, Turkey, were used for this study. They were housed in plastic cages in a well-ventilated rat house and allowed ad libitum access to food and water and kept at a 12-h light : dark cycle. All the animals received humane care according to the standard guidelines. Ethical approval for the study was obtained from the Erciyes University Animal Research Ethics Committee. Ethical regulations were followed in accordance with the national and institutional guidelines. The rats were randomly assigned to four groups. There were ten rats in each group. Group C (control): served as control; Group DI: one-month diabetic rats; Group DII: two months diabetic rats; Group DIII: three months diabetic rats. Diabetes was produced in male Wistar rats by intraperitoneal injection of STZ (40 mg/kg) (Sc-200719, Santa Cruz Biotechnology, CA, USA) (n=27); a physiological saline injection was administered to the control rats (n =9). Rats were confirmed for hyperglycemia by assessing glucose levels seventy-two hours after the streptozotocin injection. Animals with average blood glucose levels higher than 250 mg/dL were considered as diabetic. Glycemia was also checked at sacrifice at 4, 8, or 12 weeks after STZ injection. At the end of the experimental period, animals were killed by decapitation under intraperitoneal ketamine (75 mg ⁄ kg) + xylazine (10 mg ⁄ kg) anesthesia. After decapitation, the kidney tissues were quickly removed. Some of the kidney tissues were used for RT-PCR analyses and the other tissues were used in histological procedures. The kidney tissues were washed with saline and were fixed with 4% formaldehyde solution for histopathological examination. The kidney tissues were incubated for 48 h in fixing solution, followed by overnight washing in flowing tap water. Samples were then dehydrated by incubation with increasing concentrations of alcohol. Xylene washes were used to increase the transparency of the samples, and then the tissue samples were blocked by embedding in paraffin. Sections (5-6 μm) obtained from the paraffin blocks were spread on polylysinecoated slides. In order to evaluate the general histological structure, the sections were stained with periodic acid schiff and were examined under the Olympus BX51 light microscope.
Immunohistochemistry
The expression of ghrelin was detected immunohistochemically in the kidney using a rabbit polyclonal antibody (sc.50297 Santa Cruz Biotechnology, CA, USA). Immunohistochemistry was performed using the streptavidin-biotin peroxidase technique (Immunocruz LSAB Staining System, sc-2051, Santa Cruz Biotechnology, CA, USA) as previously described (Sonmez and Ozan 2007) . Paraffin sections (5 µm) were deparaffinized in xylene. The sections were rehydrated, rinsed in deionized water and antigen retrieval was carried out by microwave treatment in 0.01 M sodium citrate buffer (pH 6.0) at 95°C for 5min; then the slides were cooled rapidly to room temperature for 20 min. After washing the sections with phosphatebuffered saline (PBS), endogenous peroxidase activity was inhibited by 3% H2O2 in methanol for 10 min. A 5% blocking solution was used for the nonspecific staining. Afterwards, rabbit polyclonal antibody against ghrelin in a dilution of 5 µg/mL was incubated overnight at 4 °C. After serial washes with PBS, the sections were incubated using secondary antibodies for 30 min. The sections were washed 3x 5 times with PBS and then incubated in HRP complex for 30 min. The visualization was performed by DAB and the sections were lightly counter-stained with hematoxylin. Negative controls, where incubation with the primary antisera was omitted, were completely unlabeled. In order to measure the density of ghrelin immunopositivity, 10 sections were taken from each group. From each section, five different areas from the cortex and five different areas from the medulla were randomly selected. The densities of the areas were evaluated using the image J program. The statistical evaluations were made using the SPSS program. 
RESULTS
At the beginning of the experiment, the body weights of the rats were close to each other and blood glucose levels were normal. However, at the end of the experiment in diabetes groups (groups DI, DII and DIII), the average body weights were significantly decreased when compared to the control group. In a similar way, in the rats belonging to the diabetes group's blood sugar levels had increased significantly compared to group C. The weights of kidneys were decreased in group DII compared to the controls (Table 2) .
Histological Results
The microscopic examination of kidney tissue belonging to the control group subjects exhibited normal glomerulus and tubules (Fig. 1A) . In the kidney tissues of group DI, epithelial desquamation into the lumen of the tubules and transparent tubules showing glycogen vacuolation (ArmanniEbstein Lesions) were significantly detected (Fig.   1B ). The findings were more prominent in group DII (Fig. 1C ) and group DIII (Fig. 1D) . Values are expressed as mean ± SE. *P < 0.05 compared to control group. ** P < 0.001 compared to Group C. 
Immunohistochemical Results
Expression of ghrelin was observed in the distal tubules and collecting ducts in group C ( Fig. 2A) , which was also observed in the proximal tubules in addition to the distal and collecting tubules in diabetes groups. Ghrelin immunoreactivity was significantly higher in group DI ( Figure 2B ) compared to group C, whereas in group DII (Fig.  2C ) and group DIII (Fig. 2D) , ghrelin immunoreactivity was similar to group C.
RT-PCR results
The GHSR-1a mRNA levels in groups DI and DII were similar to that in group C. On the other hand, the GHSR-1a mRNA level in group DIII was significantly lower than in group C (Fig. 3) . 
DISCUSSION
Ghrelin, a hormone with 28 amino acids is produced by endocrine cells in the gastric fundus. It is an endogenous ligand of GHSR. It has important functions in GH secretion, modulation of glucose metabolism and regulation of appetite and body weight (Wren et al. 2000; Kojima et al. 1999) . In many studies, expression of ghrelin has been shown in the glomerulus and in the distal and collecting tubules (Mori et al. 2000a; Yabuki et al. 2006; Venables et al. 2011 ). In addition, ghrelin immunoreactivity was detected in the proximal tubules. It was shown that the density of the staining was less in the proximal tubules than in the distal tubules (Dagli et al. 2009 ). In the end stage renal disease, 2.8 fold increase in serum ghrelin level was detected. This increase was thought to be due to decreased elimination of ghrelin by non-functional kidneys (Yoshimoto et al. 2002) . It was reported that ghrelin attenuated renal fibrosis in rats with unilateral ureteral obstruction (Sun et al. 2014) . In another study, intrarenal ghrelin infusion stimulated distal nephron-dependent sodium reabsorption in the rats (Kemp et al. 2011) . It was shown that ghrelin had an important effect against endotoxemia-induced acute kidney injury by inhibiting proinflammatory cytokines (Wang et al. 2009 ). Diabetes and diabetic kidney disease continue to increase worldwide (Ozbek 2012) . Diabetic nephropathy is the most common microvascular complication of diabetes and a major cause of endstage kidney disease (Gohda et al. 2014) .
Nephropathy develops in about one-third of type 1 diabetic patients (Rahimi et al. 2005) . In diabetic nephropathy, histopathologic changes such as thickening in the glomerular and tubular basal membranes, glomerular and tubular hypertrophy, tubular vacuolation, mesangial cell proliferation and mesangial matrix increase were shown (Donder et al. 2013) . In the present study, in concordance with the literature, transparent tubules showing glycogen vacuolation and dilatation in the distal tubules with detachment and degeneration in the tubular epithelium were significantly observed ingroup DI. In addition, these findings increased with progression of diabetes Ghrelin and GHSR are expressed in many tissues. Diabetes affects the ghrelin levels in different ways. Yoshimoto et al. (Yoshimoto et al. 2002) showed increased levels of ghrelin and des-acyl ghrelin in patients with renal damage. Masaoka et al. (Masaoka et al. 2003) showed increased ghrelin levels in the plasma and pre-proghrelin mRNA expression in the stomach in STZ-induced diabetic rats. However, they did not find any change in the duodenum and the colon. Adeghate and Ponery (Adeghate and Ponery 2002) found that ghrelin stimulated insulin secretion in normal and diabetic rats. They also detected increased ghrelin immunoreactive cell number in the islet of Langerhans in diabetic rats. It was shown that desacyl ghrelin prevented cardiac dysfunction by inhibiting collagen accumulation and increasing cardiac autophagic signals in diabetic rats (Pei et al. 2014 ). In a study investigating the effect of enalapril and losartan on ghrelin immunoreactivity, it was shown that the immunoreactivity was significantly increased in the kidneys of diabetic rats (Donder et al. 2013) . Other studies showed that ghrelin immunoreactivity in the distal and collecting tubules was gradually increased with duration of diabetes (Yabuki et al. 2006; Kuloglu and Dabak 2009) . In the present study, ghrelin immunoreactivity was observed in the distal and collecting tubules in the control group, whereas it was also observed in the proximal tubules in the diabetes groups.
In-group DI, ghrelin immunoreactivity was significantly increased compared to the control group. However, in groups DII and DIII ghrelin immunoreactivity was similar to that in the control group. In 2, 4 and 6-week diabetic subjects, increased expression of ghrelin were found with the increased duration of diabetes (Yabuki et al. 2006) . In the present study, diabetes was produced for longer periods of 1, 2 or 3-months. There was no increase in ghrelin immunoreactivity with increased duration of diabetes unlike in other studies. At the beginning of diabets, there was increased ghrelin immunoreactivity.
However, ghrelin immunoreactivity was similar to that in the controls in long-term diabetes. Most of the effects of ghrelin are generated by the interaction of ghrelin with GHSR located in the cell membrane (Howard et al. 1996) . GHSR-1a was shown to be expressed in the stomach, testis, heart, kidney and pancreas (Kojima et al. 1999; Date et al. 2002; Tena-Sempere et al. 2002; Venables et al. 2011) . Limited localization of GHSR in the mouse kidney has been reported. GHSR was expressed in the straight parts of the distal tubules and the thin limbs of the loops of henle. However, its expression was not detected in the glomerulus, proximal tubules, convoluted distal tubules, or collecting ducts (Venables et al. 2011) . It was shown that blockade of GHSR caused an increase in urinary sodium excretion (Kemp et al. 2011) . It was observed that in GHSR null mice, renal tubular damage and renal fibrotic changes induced by angiotensin II were increased compared to wildtype mice (Fujimura et al. 2014) . These studies showed that GHSR-1a contributed to the renal physiology. In the present study, the GHSR-1a mRNA level was parallel to ghrelin expression in the groups DI and DII. However it was significantly decreased in the group DIII. This decrease could be due to down-regulation of GHSR-1a. In the present study, it was found that histological damage in the groups DII and DIII were higher than that in group DI. Considering other studies in the literature, a decrease in GHSR-1a density could contribute to this damage.
CONCLUSION
In conclusion, ghrelin immunoreactivity was increased at the beginning of diabetes. However, with increase in the duration of diabetes, ghrelin immunoreactivity approached to the control values. In addition, expression of GHSR-1a mRNA was decreased with increase in the duration of diabetes. It seemed that down-regulation of GHSR-1a contributed to the renal damage induced by longterm diabetes.
